Introduction
Although gold in its oxidation state +1 possesses a closed shell electronic configuration ([X e]4f145 d 10), solid-state structures of both mono-and polynuclear gold(I) compounds show short Au---Au contacts near 3.0A which bear wit ness to attractive forces between the linearly twocoordinate gold(I) centres ("auriophilicity") [1] . These bonding relationships, which occur perpen dicular to the principal axis, are unexpected in classical bonding concepts and have been rational ized on the basis of metal orbital energies m odi fied by relativistic effects. In polynuclear gold complexes of the general type [E(A uIL)"] or [R -E (A u !L)"], with an interstitial main group el ement atom E, intram olecular A u--A u bonding interactions have been recognized as being syner gistic in nature and to lead to gold clustering in hypercoordinated species (e.g.
[N(AuL)5]2+; [R -N (A u L )4]2+) [2, 3] .
"Auriophilicity" often determ ines the configur ation and conformation of gold(I) compounds af fecting i.a. the structure of the ligand "backbone". Through these changes mrramolecular A u--A u networks are built, or /mermolecular aggregates such as dimers, chains and layers are formed in the condensed phase [4, 5] , In this context dendritic (Greek; branched) molecules or dendrim ers [6] [7] [8] appear to be particularly promising ligand systems, which allow a large number of both intra-and intermolecular Au --Au contacts. The tree-like dendrim er molecules are prepared by repetitive reac tions ("cascade-synthesis") starting from an initiator core (generation 0), from which two or more identical branches are emanating, each of them containing further branch sites at its end. In a series of reaction cycles new generations can be created and a fractal, ball-like structure can evolve until further growth is limited by surface conges tion. In contrast to "classical" polymers, dendri mers thus obey a highly controlled molecular architecture, which may result in materials with a new spectrum of properties.
Very little is known about dendrim er surface chemistry, and especially about the surface coordi nation chemistry. Studies have been reported on metal salts formed in the hydrolysis of ester-terminated dendrimers and on copper complexes of NH 2-terminated dendrimers, which yield deep purple solutions, but no details are available [7] .
We have now employed R N (C H 2C H2C H 2N H 2)2 (R = Me, c-Hex, PhCH2) and N (C H 2C H 2N H 2)3 as the first generation of dendritic polyimide ligands for gold(I). In the present paper we describe the auration of the terminal (chain-end) primary amino groups, using the oxonium compound [0(A uPP h3)3]+BF4~, to give branched imido gold clusters with end groups of the type -N (A u P P h 3)31+ [9] [10] [11] [12] [13] [14] . Solid state structures of such monocationic species usually feature a tetra hedral geometry around a central nitrogen atom, with short intram olecular Au--Au contacts. Al ready in the first generation of dendritic polyam ines additional interm olecular A u--A u bonding interactions may occur, which can greatly stabilize the polynuclear systems.
Experimental
All experiments were carried our in an atm os phere of purified nitrogen with the exclusion of light, employing standard Schlenk techniques. The solvents were dried, saturated with nitrogen, and destilled before use.
NM R spectra were recorded on a Jeol-GX 400 spectrom eter (deuterated solvents as internal standards, converted to TMS, for 'H and 13C; ex ternal aqueous H 3P 0 4 for 3,P). Mass spectra were obtained by field desorption (FD; solvent CH2C12) or fast atom bom bardm ent (FAB; matrix 4-nitrobenzyl alcohol) ionization. The elemental analyses were perform ed in the micro-analytical laboratory of this Institute. N,N-Bis(3-aminopropyl)cyclohexylamine [15] , N,N-bis(3-aminopropyl)benzylamine [16] and tris-[(triphenylphosphine)aurio(I)]oxonium tetrafluoroborate [17] were prepared according to pub lished methods. N,N-Bis(3-aminopropyl)methylamine and N,N,N-tris(2-aminoethyl)amine were purchased from Aldrich and used without further purification. Typically, a suspension of [0(A uPP h3)3]+BF4~ 2 (0.50 g, 0.34 mmol) in tetrahydrofuran (20 ml) was added to a solution of the diamine (la : 24.6 mg, lb : 35.2 mg, lc : 37.5 mg; 0.17 mmol) in the same solvent (20 ml), and the reaction mixture was stirred for 3 h at room tem perature. The resulting solution was then filtered over cellulose to remove impurities of colloidal gold. A fter reducing the fil trate in volume, precipitation by addition of ether gave waxy oils, which were dried in vacuo to leave colourless microcrystalline products. Yield: 0.37 g, 71 % (3a); 0.39 g, 75% (3b); 0.35 g, 67% (3c). Upon attem pting to crystallize 3 b only a degra dation product (3 b ') was obtained from wet THF/ ether after 3 weeks at room tem perature. This material has only been characterized by an X-ray crystal structure determ ination.
A nalysis fo r 3 a ([C n5H
All X-ray investigations were perform ed on an autom ated four-circle diffractom eter CAD 4 (EN RAF-N ONIU S, Delft) with graphite-mono- 12907 intensity data (unique) were collected with co/0 scan in the 0 range 2 to 27°. During the expo sure time no loss of intensity was observed. The centrosymmetric space group P I was assumed for the structure solution with direct methods. A fter refinem ent with unique data and isotropic dis placement factors the procedure for the empirical absorption correction (jli = 6.487 m m " 1) with the program DIFABS [19] was applied. The final fullmatrix least-squares refinement (on F2) with an isotropic displacement param eters for the Au, P, N and C (l) to C(9) atoms, phenyl rings and BF4~ as rigid groups, positions of the H atoms in calcu lated idealized positions, led to R values of R j = 0.0729 and wR2 = 0.1702 with /?, = (S11F0 1 -I Fc 11) / 2 1 Fc I and wR2 = [Z(w(F02-F c2)2/ Z(co(F02)2)]1/2, 6718 reflections with F0 > 4cr(F0), G ooF (F2) = 1.195, 21 restraints, 302 parameters, F(000) = 1636; largest difference peak and hole 1.828 and -1.351 e/A 3 (near Au). Due to the poor crystal quality and disorder problems (especially C2, C3, N2; BF4_) the displacement param eters have unusual large values. Refinement in the noncentrosymmetric space group P I revealed the same problems. Calculations were perform ed with the programs CADSHEL, SHELXS-86, SHELXL-93, and the SHELXTL-PLUS package [20] . Further details of the crystal structure investi gation may be obtained from the Fachinformationszentrum Karlsruhe, D-76344 Eggenstein-Leopoldshafen, on quoting the depository num ber CSD 58123, the names of the authors, and the journal citation. 3c ([C I2IH ,()9A u6N 3P6] 
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3+
[BV h (2 ) first generation of dendritic polypropylene-and polyethylene-imines, respectively. The reaction of these polyfunctional species with the oxonium reagent [0(A uP P h3)3]+BF4_ (2) in TH F affords the complexes 3 a -c and 5 as colourless solids in high yield. In each case the ter minal primary amino groups ( -N H 2) have been found to form the corresponding organotris[(triphenylphosphine)aurio(I)]am m onium salts with terminal imido cluster groups of the type -N (A u P P h 3)31+ (eq. (1), (2)).
The compounds are insensitive to air, moisture and light, and soluble in polar solvents. The solu tions slowly decompose at ambient tem perature with separation of colloidal gold. The triam m on ium salt 5 is the least stable of the compounds, probably due to the higher charge of the trication.
The complexes have been characterized by means of NM R spectroscopy, mass spectrometry and elemental analysis. Attem pts to grow single crystals suitable for an X-ray study have so far only lead to a degradation product of 3b (3b').
The m olecular structure of the cation in 3b ' (with no crystallographic symmetry) is shown in Fig. 1 . Beside the cation [c -H ex -N H -C H 2CH 2C H 2N(A uPPh3)3]+, the triclinic cell con tains the counter-anion BF4~ and one equivalent of solvent (3 b 'x T H F ) in the asymmetric unit, with no unusual interionic or intermolecular con tacts. As is evident from inspection of Table I, 
(Continued). tropic displacement parameters [A 2x l 0 5] for com-------------------------------------------------------------------------------pound 3b'xT H F .
A (13) 4908 (15) 3241 (14) 2478 (7) 109(10) C (14) 5790 ( 1391 ( fourfold coordinated nitrogen atom. The A u -NAu angles of 99.1° (average) differ considerably from the value of 109.5° expected for a regular tetrahedron. The atomic coordinates and equiva lent isotropic therm al displacement param eters are listed in Table II . Proton-, 13C{'H} and 31 P{1H} NMR spectra con firm the equivalence of the gilded amine functions in solutions of 3 a -c and 5, respectively.
In the *H NM R spectra, the protons of the methylene groups immediately adjacent to ter minal nitrogen (3 a -c : 3-CH2; 5: 2-CH2) give rise to multiplets without discernible fine structure, broadened by extensive 31P couplings. The signals of the CH 2 protons further remote (3 a -c : 2-CH2, 1-CH2; 5: 1-CH2) show the expected first order H -H multiplicity. There are two separate mul tiplets in the aromatic region of 3 a -c with an intensity ratio of 3 :2, which are assigned to ortho-/ para-and meta-H of the triphenylphosphine units, whereas all phenyl protons of 5 are resolved into three distinct sets {ortho, meta, para). Since this effect is known to be associated with increased charge density [12] , these data also confirm the complete auration of all three primary amino groups to give 5.
The 
Conclusions
In the present study dendritic amines, i.e. the a,&>-diamines R N (C H 2C H 2C H 2NH2)2 (R = Me, cHex, PhCH2) and the triamine N(CH2CH2NH2)3, have been employed vicariously for higher gener ations of polypropylene-and polyethylene-imines, to synthesize polynuclear species with terminal triaurioamm onium groups -N (A uP P h3)3K
The formation of highly aurated compounds, especially the nonanuclear trication [N (CH2C H 2N(A uPPh3)3 )3]3+ in 5, which is the first known example of a tris(/i3-triaurioimido) cluster, corroborates the crucial influence of syner gistic A u -'A u bonding interactions. Owing to their extensive heavy metal aggregates, these com plexes are expected to be valuable in biochemical and medical diagnostics. Gold clusters have been employed successfully for these applications [18] . This work was supported by Deutsche For schungsgemeinschaft, by Fonds der Chemischen Industrie, and by Degussa AG. We thank Pro fessor G. R. Newkome for helpful discussion. The authors are indebted to J. Riede for establishing the X-ray data set.
